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Abstract - We use an integrated approach consisting of experiments and complementary pore-scale network modeling 
to investigate the occurrence of sparsely connected pore spaces in rock matrices at Yucca Mountain, Nevada, and their 
implications for matrix diffusion. Imbibition results indicate that pore spaces in devitrified tuff are not well-connected, and 
that this lack of connectivity is further compounded by episodic flow in fractured devitrified tuff with low matrix permeability. 
A rigorous methodology for investigating chemical transport in fractured rock under episodic conditions, employing a suite 
of both sorbing and non-sorbing tracers (including radionuclides (1-235, Np-23 7, and Pu-242), has been developed and 
implemented. In addition, gas diffusion and synchrotron microtomography techniques have been under development to 
examine the scaling issues of diffusion and pore connectivity. Preliminary results from experiments and modeling work are 
presented in this paper, confirming the need to reexamine our understanding of matrix diffusion and to evaluate the impact 
on diffusive radionuclide retardation of episodic fracture flow and low pore connectivity. 
I. INTRODUCTION 
Current models of how radionuclide movement is 
slowed by diffusion into and sorption to the rock matrix 
do not consider two potentially important factors. First, 
some Yucca Mountain tuffs have a sparsely connected 
pore space, resulting in scale-dependent diffusion-but 
models currently use a constant diffusion term. Second, 
under episodic and intermittent flow in the unsaturated 
zone, the rock matrix is constantly imbibing or draining 
water, which drives advective movement of radionuclides 
while changing the effective diffusivity of the matrix- 
but site-scale models currently assume constant wetness 
conditions. 
devitrified welded tuff is not well interconnected at the 
pore scale, meaning that standard difision models can 
yield incorrect values for measured and predicted 
diffusion, and thereby retardation rates [3]. These results 
are consistent with both experimental work on diffusion at 
low phase saturations [4], and theoretical work that shows 
how diffusion at low phase saturations and/or pore 
connectivity can be characterized as a percolation 
problem [5]. Use of a percolation paradigm for diffusion 
suggests both specific mathematical tools for up-scaling 
from laboratory to in-situ scales, and the use of a pore- 
scale random walk modeling approach to help understand 
and interpret the experiments. 
Orographic effects cause substantial variability in 
average annual precipitation at Yucca Mountain, ranging 
from 4 3 0  mm at the low elevations in the south to >200 ' 
mm in the north, with an average annual precipitation of 
170 mm [6]. Bodvarsson et al. [7] indicate that 
. 
It was recently shown [ 1-21 that Yucca Mountain 
infiltration at Yucca Mountain is spatially and temporally 
variable due to the nature of storm events, variations in 
soil cover and topography. Significant infiltration occurs 
only every few years. In these wet years, the amount of 
infiltration still varies greatly because it is dependent on 
storm amplitudes, durations, or frequencies; infiltration 
pulses on the order of hundreds of millimeters per year 
may infiltrate into Yucca Mountain during relatively short 
periods of time. 
Because of the spatially and temporally variable 
nature of infiltration, water percolation through 
unsaturated fractured rocks of low matrix Permeability is 
episodic and intermittent in nature [SI. Infiltration pulses 
may be attenuated by the Paintbrush non-welded (PTn), a 
unit above the potential geological repository with very 
limited fracturing, such that liquid-water flow below the 
PTn is considered to be approximately in steady state. 
However, bomb-pulse isotopes data provide strong 
evidence of fast pathways through the unsaturated zone to 
the level of the potential repository underlying the breaks 
in the PTn [9]. The locations most likely to have fast 
pathways are those where the inter-layered, non-welded 
tuff is faulted, absent, or very thin. Simulations of 
transient flow and transport at Yucca Mountain using a 
dual continuum model [ 101 indicate that rapid movement 
of solute through the fractures will occur only in the event 
of intense infiltration episodes. 
matrix is constantly imbibing or drymg, and this 
fluctuating wetness both dnves two-way advective 
movement of radionuclides, and forces changes in the 
matrix diffusivity. To date, measurements and models 
have all assumed classical, steady-state diffusion, without 
testing the validity of that assumption. The ultimate 
With episodic flow varying in rate and intensity, the 
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